
N A ~  IQNAL AERQNA(JTICS AND SPACE ADMINISTRATION w 3  ?-n1;; 

WASHINGTON, D C 20546 lEtS w o  1-’,9?; 

FOR RELEASE: FRIDAY P.M. 
November 4, 1966 

RELEASE NO: 66-286 

PR 01 E CT : 

CONTENTS 

LUNAR ORBITER B 
(To be launched no eSTtier 
than November 6, lgb6)  

10/31/66 



L I 

N E w s NATIONAL AERONAUTICS AND SPACE ADMINISTRATION WO 2-4155 

WASHINGTON,D .C .20546 TELS * W O  3-6925 I 
FOR RELEASE: FFIDAY P.M. I 

November 4, 1966 

RELEASE NO: 66-286 

The United States is  preparing t o  launch the second In a 

series of photographic laboratory spacecraft  t o  o r b i t  the Moon. 

Lunar Orbiter B is  scheduled for launch by the National 

Aeronautics and Space Administration from Cape Kennedy, Fla., 

within a Nov. 6 through 11 period. 

Lunar Orbiter spacecraft  are flown t o  continue the e f f o r t s  

of Ranger and Surveyor t o  acquire knowledge of the Moon's 

surface t o  support the Apollo manned lunar landing program and 

t o  enlarge s c i e n t i f i c  understanding of the Moon. 

The 850-po~nd Orbiter will be launched by an Atlas-Agena D 

vehicle  on a f l i g h t  t o  the vicini ty  of the Moon which takes 

about 92 hours. I f  successfully injected on its lunar t ra jec-  

tory,  t h i s  second of f ive  spacecraft w i l l  be designated Lunar 

Orbiter 11. 
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The basic  task of this Lunar Orbiter is t o  expand the 

findings of Lunar Orb i t e r  I by obtaining detailed photographic 

information on various areas on the Moon's surface t o  assess 

t h e i r  s u i t a b i l i t y  as landing sites f o r  Apollo and Surveyor 

spacecraft .  

Orbiter B has been assigned 13 primary t a rge t  sites, located 

generally within the northern half of the Apollo zone of 

i n t e r e s t  on the Moon's front face. Other areas of the Moon on 

both the f ront  and hidden sides may a l so  be photographed. 

This spacecraf t  a l so  w i l l  attempt t o  photograph the impact 

point  of Ranger VI11 although, unlike Lunar Orbiter I, it w i l l  

not have the Surveyor I landing s i t e  as a target .  

The photographic f l igh t  plan is  an ambitious one and 

assumes that a l l  spacecraft  systems, ground support systems, 

and the operations team w i l l  be able to  operate a t  maximum 

eff ic iency.  Covering the 13 primary s i t e s  requires photography 

on a great many of the orb i t s ;  thus there w i l l  be fewer p r i o r i t y  

readouts -- the radioing back to  Earth of pictures  between 

picture-taking sessions -- than on Lunar Orbiter I. I n  addition, 

the f u l l  photographic f l i g h t  plan requires  about 40 photographic 

maneuvers by Orbiter B where only 11 were required for the Lunar 

Orbi te r  I photographic f l i g h t  plan. 

-more - 
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In  addition to  i ts  photographic task, Lunar O r b i t e r  B 

w i l l  monitor micrometeoroids and radiat ion In tens i ty  i n  the 

v i c i n i t y  of the Moon. A f t e r  more than two months in orb i t ,  

Lunas Br'bibr i haa not experienced any micrometeoroid puric- 

t u re s  in I t s  detecting Instruments. Its radiat ion counters 

c l ea r ly  =Pleated the e f f e c t s  of a aer ies  of solar flares 

which took place after its photography was complete. 

Both micrometeoroid and radiation measurements are used 

priararily for  spacecraft performance analysis since the 

hermetically-sealed camera package poten t ia l ly  could su f fe r  

damage from a micrometeoroid h i t  o r  from space radiation. 

Orbiter B l ike  Orbiter I w i l l  add to  and r e f ine  the 

de f in i t i on  of the Moon's gravi ta t ional  f i e ld .  

On the first day of the planned launch period, Nov. 6,  

Orbiter's launch window is between 5:58 p.m. t o  8:35 porn., EST. 

On each succeeding day of the period, the window opens about 

30 minutes later. 

During i t s  journey t o  the Moon the spacecraft w i l l  be 

or iented t o  the Sun and the Southern hemisphere star Canopus, 

except when it is  executing one or possibly two mid-course 

correct ion maneuvers. 

-more - 
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A t  a point ranging f r o m  730 miles t o  215 milea from the 

Moon‘s surface, depending on the actual launch date, a l iquid 

fue l  r e t r o  engine w i l l  f i re  t o  slow the spacecraft so it w i l l  

be captured by the Moon18 gravi ta t ional  field. A s  a satellite 

of the Moon, Lunar Orbiter w i l l  en te r  an init ial  elllptica’l 

o r b i t  about 1,150 by 125 milea. 

Orbiter w i l l  be tracked p r e c i ~ e l y  by the Deep Space N e t -  

work for seven to  11 days -- depending on the day of launch -- 
before i ts  r e t r o  rocket w i l l  be fired again on N O ~ .  17 t o  place 

it i n  Its ultimate photographic orb i t .  It is desired t o  ad jus t  

the lowest point of the f ina l  o r b i t  (perilune) to 28 miles above 

the lunar surface. 

w i l l  remain a t  1,150 miles. 

The highest point of the o r b i t  (apolune) 

Then, for a period of eight days, as the Moon revolves 

beneath it, the spacecraf t ls  camera w i l l  record on f i b ,  views 

of the 13 primary and selected secondary target sites In far 

grea te r  detai l  then they have been observed through Earth- 

based telescopes. 

photography Nov. 18 and t o  take its final picture  Move 25. 

Lunar Orbiter B I8 scheduled t o  beg@ 

As many as six exposures from a s i te  will be transmitted t o  

Earth by radio In a p r i o r i t y  photographic readout sequence which 

I s  scheduled whenever photographic target8 are apaced su f f i c i en t ly  

apart t o  permit It. 
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A l l  of hmar Orbiter 's  photographs w i l l  be transmitted 

to  NASA Deep Space Network s ta t ions  after site photography is 

finished. They w i l l  be received In reverse order f r o m  which 

the pictures were taken. Iaanar Orbiter B is scheduled t o  com- 

p l e t e  final picture transmaission on Dec. 13. 

NASA w i l l  d issemhate  lunar si te photographs t o  members of 

the s c i e n t i f i c  colmmrnlty f o r  Interpret ive studies. 

aeological Survey w i l l  employ the Lunar Orbiter photographs a8 

basic material in i ts  e f f o r t s  to  derive a more detailed under- 

standing of the physical processes which played a part In the 

formation of the lunar surface as i t ~ e x i s t s  today. 

me U.S. 

The Lunar Orbiter program is directed by NASA's Office of 

Space Science and Applications. The project  is managed by the 

agency's Langley Research Center, HamPton, Va. The spacecraft 

are b u i l t  and operated by The Boeing Co., Seatt le,  Wash., as 

prime contractor. Eastman Kodak Co. ,  Rochester, N.Y., (c-ra 

system) and Radio Corporation of America, Camden, N.J., (power 

and conmunication systems) are the principal  subcontractors t0 

Boelng . NASA' 8 Lewis Research Center, Cleveland, is responsible 

fo r  the launch vehicle and the Kennedy Space Center w i l l  super- 

vise  the launch operation. Prime vehicle contractors are 

General I)ynamics/Convair, San Dlego, C a l . ,  f o r  the Atlaa and 

Lockheed Missiles and Space Co., Sunnyvale, C a l . ,  f o r  the Agena. 

-more - 
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!back- and communications f o r  the Lunar Orbiter program 

are the responsibi l i ty  of the NASA Deep Space Network (DSN), 

operated by the Jet  Propulsion Laboratory, Pasadena, C a l .  

DSN s t a t ions  a t  Qoldstone, Cal . ;  Madrid, Spain; and Woomera, 

Australla, w i l l  pa r t ic ipa te  In the mission. Photographic data 

gathered by Lunar Orbiter w i l l  flow from each DSN s t a t i o n  to  

the Eastraan K o d a k  Co., for reassembly processing, thence t o  

the Langley Research Center, f o r  preliminary evaluation. 

I 

END O F  GENERAL RELEASE; BACKGROUND INFORMATION FQLTXIWS 

-more - 
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LUNAR ORBITER SPACECRAPT 

The Lunar Orbiter program was announced by NASA i n  August, 
1963, as one of three major projects  for  unmanned exploration 
of the Moon in advance of Project Apollo. 

vne ~oiiowiw two 1 - ~ - - -  n----- ---- _-__ 0~ wiret: w ~ i g e r  S ~ U G ~ G L - C U  I,, 

carrying te levis ion cameras, returned a t o t a l  of 17,259 close- 
up photographs of the lunar surface en route t o  crash landing 
and destruct ion on the Moon. 

Surveyor I, launched last  May 30, went on t o  achieve 
successful soft-landing on the Moon's surface. It has since 
measured important surface properties -- fo r  example, how much 
weight the lunar c rus t  w i l l  support -- and transmitted 11,150 
close-ups of the Moon's surface f r o m  i t s  posi t ion in the Sea 
of Storms 0 

On August 10, Lunar Orb i t e r  I was launched on i ts  maiden 
voyage to the Moon, and during the succeeding days, demonstrated 
its remarkable v e r s a t i l i t y  as a flying photographic laboratory. 
Final tallies show that it photographed about two mil l ion square 
miles of lunar surface, including 16,000 square m i l e s  over prime 
target si tes i n  the Apollo zone of  interest on the f ront  face 
of the Moon. It provided the first detailed s c i e n t i f i c  
knowledge of the lunar gravi ta t ional  f i e l d  and topographic and 
geol ig ica l  information of d i r ec t  benefi t  t o  the Apollo program 
and to  s c i e n t i f i c  knowledge of the Moon. 

On Oct. 29, a f t e r  making 527 revolutions i n  77 days of 
orb i t ing  the Moon, Lunar Orbiter I w a s  ordered t o  f i re  i t s  
veloci ty  control  engine f o r  97 seconds. A t  9:30 a.m., EIYJ!, it 
impacted the hidden s ide of the Moon. This w a s  done t o  
eliminate any poss ib i l i ty  that Orbiter I could in t e r f e re  with 
the Orbi ter  B mission by lnadvertantly turning on i ts  radio 
t ransmit ter .  

Lunar Orbi ter  and Surveyor spacecraft  a r e  being used as a 
team t o  obtain specif ic  kinds of information about selected 
areas of the lunar surface i n  order  t o  make a safe  manned 
landing possible. 

-more- 
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Lunar Orbiter w i l l  examine such areas so that Surveyor's 

findings can be applied over a full-sized landing s i te  with a l l  
topographic features  of s ignif icant  s i ze  located and measured. 
Since Lunar  Orbiter can obtain more than 3,000 square miles of 
high resolution ( three f e e t )  photographs on each mission, 
formidable demands are placed on the spacecraf t ' s  capabi l i ty  t o  
gather information. 

In  December 1963 NASA selected The Boeing Co., Seattle, t o  
be prime contractor for the program, and a contract  was negotiated 
i n  May 1964. 
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The Lunar O r b i t e r  spacecraft i s  a f l y i n g  photographic 
laboratory, equipped w i t h  the  necessary controls  t o  posi t ion 
the  camera cor rec t ly  over the s i te  t o  be viewed, and the means 
t o  ex t rac t  the information contained i n  each photograph and 
send it back t o  Earth. 

In  f l i g h t  configuration, Lunar Orbi te r  i s  a truncated cone 
from whose base proJect four  s o l a r  c e l l  panels. It c a r r i e s  
two antennas on rods extended from opposite sides of the space- 
c r a f t ,  and i s  covered w i t h  an aluminizedmylar r e f l ec t ive  
thermal blanket. 

Lunar O r b i t e r  weighs 850 pounds, and when folded for launch 
measures f i v e  feet i n  diameter by f i v e  and one-half feet t a l l .  
During launch t h e  s o l a r  panels are folded against  the base of 
the  spacecraft  and the antennas are held against  the sides of 
the  s t ructure .  A nose shroud only f i v e  feet ,  f i v e  inches i n  
diameter encloses the e n t i r e  spacecraft. 

When the s o l a r  panels and antennas are deployed i n  space, 
the maximum span becomes 183 f e e t  across the antenna 
and 12 feet, 2 inches across t h e  s o l a r  panels. 

booms 

The primary s t ruc ture  consis ts  of the main equipment 
mounting deck and an upper  section supported by trusses and an 
arch. 

I n  the upper sect ion are located the veloci ty  control  
engine w i t h  i t s  tankage f o r  oxidizer, f u e l  and pressurization, 
and the a t t i t u d e  control thrusters. The nozzle of the engine 
extends through an upper  heat sh ie ld .  

The lower sect ion houses the camera, communications and 
e l e c t r i c a l  system equipment, t h e  i n e r t i a l  reference unit ,  t h e  
Sun sensor, and the Canopus s t a r  tracker.  

-more- 
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Camera System 

The technological a b i l i t y  t o  compress a complete photo- graphic laboraiiory - W L ~ , I I L ' ~ ~  - 2  Ll- 1 aii egg-ahaped pressc~e shell with a l l  
parts weighing no more than 150 pounds makes the Lunar Orbiter 
mission possible. The package itself includes two cameras-one 
fo r  medium and the other  f o r  h igh  resolut ion photography. The 
cameras w i l l  view the Moon through a protect ive window of 
quartz, which i n  turn  is protected by a mechanical f l ap  i n  the 
thermal blanket which covers most of the  spacecraft. 
o r  camera thermal door, i s  opened and closed by command a t  the 
beginning and end of every photographic pass over a sect ion of 
lunar  surface. 

The f lap,  

The medium resolut ion lens  is an 80-IIUI Xenotar, manu- 
factured by the West German f i r m  of Scnneiaer-Kreuznach. It 
is  f i t t e d  w i t h  a fixed aperture  stop of f/5.6 and a between- 
lens  shu t t e r  t o  provide exposure speed select ions of 1/25, 
1/50 and 1/100 second. 

The high resolut ion lens i s  a 24-inch f/5.6 Paxoramic, 
spec ia l ly  designed and b u i l t  by Pacific Optical Company. 
lens  weighs less than 16 pounds and operates through a foca l  
plane shu t t e r  adJustable  on ground command t o  the  same speed 
select ions as the 80-~IU lens.  

The 

Relatively low shu t t e r  speeds are required by the  exposure 
index of the  f i l m ,  which is Kodak Special  High Definit ion Aerial 
Film, Type SO-243. Although i t s  aerial  exposure index of 1.6 
i s  slow i n  comparison with other  f i l m s ,  it has extremely f i n e  
g ra in  and exceptionally high resolving power. 
immune t o  fogging a t  the l eve l s  of radiat ion normally measured 
i n  space. 

It i s  r e l a t ive ly  

Lunar O r b i t e r  w i l l  carry a 200 foot  r o l l  of 70-mm SO-243 
unperforated f i l m ,  suf f ic ien t  f o r  a t  least 194 dual ex- 
posure frames. The supply spool i s  shielded against ionizing 
rad ia t ion  from s o l a r  flares. 

Along one edge of the f i l m  is  a band of pre-exposed data, 
pr imari ly  resolving power charts and densitometric gray scales, 
which w i l l  be read out along w i t h  t he  lunar  images captured 
by the spacecraft. 

-more- 
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The gray scales are very Important because they contain 
the key to  correct interpretation of the Lunar Orbiter's photo- 
graphs. Specifically, they provide the photometric calibra- 
t ion  which w i l l  make i t  possible t o  estimate slopes on the 
Mnnn'n 

I 

sMrface by n?eaz?JriPig film, densities. 

-more- 
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Photo Taking Process 

L i g h t  gathered by the 24-inch lens i s  turned through a 
r i g h t  angle by a mirror before it reaches the film, while the  
medium resolut ion lens passes l i gh t  d i rec t ly  to  the film. 
Because of the camera's mechanical design, the two simultaneous 
images a re  not placed side by side on the f i l m ,  but are in t e r -  
spersed. witin otner  exposures. 

Because the spacecraft  will be moving a t  4,500 mph a t  
perilune (o r  lowest point i n  o r b i t  about the Moon) and i n  view 
of the r e l a t ive ly  low f i l m  exposure speeds, the camera system 
has been provided wi th  a device t o  eliminate blurr ing of the 
image. This image motion compensation is  performed by a 
spec ia l  sensor and a mechanical d r i v e  t o  move the f i l m  platen 
s l i g h t l y  while an exposure occurs. 

The special  sensor is  a v i t a l  component of the camera system. 
Called a V/H sensor (veloci ty  divided by height),  it electron- 
i c a l l y  scans a portion of the image formed by the high resolut ion 
lens.  

The tracker  compares successive c i rcu lar  scans of a portion 
of the image and generates a s ignal  proportional t o  the rate 
and direct ion of' the motion i t  senses. The rate signal i n  turn 
governs the act ion of the image motion compensation servo- 
mechanism and the exposure interval  control ler ,  while the 
d i rec t ion  information is  used t o  control  spacecraft  yaw a t t i t ude .  

Special  platens have been b u i l t  in to the camera t o  gr ip  the 
f i l m  and hold it f l a t  by means of vacuum while an exposure is 
made. The platens are  mechanically driven as required by the 
s igna l  sent  from the V f i  sensor, and t h e i r  motion, although 
very s l i g h t ,  matches the speed of the spacecraft  and mlnlmlzes 
any b lur  o r  smearing of the image. 

Af te r  each exposure, the  platens return t o  their  original 
posi t ions and a re  ready f o r  the next picture.  

During the f l i g h t  of Lunar Orbiter I, d i f f i c u l t y  was 
experienced with the high resolution portion of the camera 
system. Photographs made through the high resolut ion lens were 
blurred, indicat ing tha t  the s h u t t e r  had been opened a t  a time 
when the f i lm was being advanced through the  system or  when the 
f i l m  platens were not properly compensating f o r  motion of the 
spacecraf t  across the lunar surface. 

-more - 
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The velocity/height &'/HI sensor provides the spacecraft with velocity 
and height information by sampling a ring of lunar surface through the 
high resolution lens and comparirlg successive scans. The angular position 
change of consecutive scans with respect to time gives the veIocity/height 
change ratio. This ratio i s  used for image motion compensation to 
"lock on" a ground target during each exposure to reduce image smear 
or blur. The V/H data i s  also used to control time between exposures, 
to control spacecraft yaw angle during photography, and i s  telemetered to 
aid in photograph analysis. 

VELOCITY HEIGHT SENSOR 
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High resolution photographs made when the V/H sensor 
was turned off were of excel lent  qual i ty ,  and the source of' 
the problem was traced t o  the electronic  c i r c u i t s  control l ing 
shut te r  timing and operation. 

Because i t  was believed that the system was over-sensitive 
t~ stray e lec txx~ ic  sig~als, the shutter t r iggering c i r c u i t s  
i n  the camera system aboard Lunar Orbiter I3 have been changed 
t o  make them less sensi t ive.  

A f t e r  exposure, the fi lm moves forward to  a storage o r  
buffer  area between the camera and processor. The buffer  
region o r  looper is provided t o  take up the s lack between the 
camera -- which can make up t o  20 exposures on a s ingle  o r b i t a l  
pass -- and the processor. 
blocks which can be separated t o  s tore  exposed film without 
slack. The looper can hold as many as 20 frames. 

The looper is a system of pulley 

-more - 
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Photo Processing System 

Next phase of the Lunar Orbiter's photographic system 
is a processor, i n  which the exposed film is  chemically de- 
veloped by the Eastman Kodak "Bimat"  process. 

The Bimat method uses a processing f i l m  o r  web whose 
ge la t in  layer has been soaked i n  a single developer-fixer 
solut ion of photographic chemicals. The film is  s l igh t ly  
damp t o  the touch but l i t t l e  f ree  l i q u i d  can be squeezed 
from it. 

When the exposed f i l m  passes onto the processor drum 
and is mechanically pressed against  the Bimat web, t he  chemi- 
c a l  processes of negative development begin. S i lver  halide 
Is reduced t o  s i l v e r  i n  a f e w  minutes, and undeveloped s i l v e r  
ions pass i n t o  the Bimat web material  by a diffusion-transfer 
process. The Bima t  web thereby acquires a posi t ive image of 
tne exposed view. 

After processing is complete, the  two films a r e  separa- 
ted and the used web material is reeled onto a take-up spool. 
No use  is  made of the posi t ive Images on the web. 

The negative f i lm,  f u l l y  processed, passes between two 
chemically treated pads which remove much of Its moisture, 
and is then f u l l y  dr ied by a small e l e c t r i c  heater. 
dry, the  negative f i lm is  stored on a take-up reel u n t i l  
the electronic  read-out process i s  t o  begin. 

When 

-more- 
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Photo Readout Process 

Read-out is one of the most exacting tasks the Lunar 
Orbi te r  photographic system i s  required t o  perform. 

There is  no proved way of s tor ing  information which can com- 
pare i n  compactness w i t h  an image composed nf sliver ~ I Y - ~ P I Q  ic 
a g e l a t i n  emulsion on photographic f i l m .  

The read-out method used by Orbi te r  must capture as much 
as possible of t h e  f i l m ' s  densely-packed information and change 
it  i n t o  a stream of electronic s igna ls  which can be trans- 
mi t t ed  t o  Earth. 

A f i l m  scanner, i n  which a f l y i n g  spot of l ight and s u i t a -  
ble op t i ca l  elements are linked w i t h  a photomultiplier, i s  the 
heart of the read-out equipment. 

Light source f o r  the f ly ing  spot is a Line Scan Tube 
developed by CBS Laboratories f o r  f i l m  scanning applications.  
The t u b e  contains an electron beam generator and a revolving 
drum whose surface is coated with a phosphorescent chemical. 

As the  electron beam moves across the surface of the  
phosphor, a t h i n  spot of l i g h t  i s  produced. The drum must 
be rotated t o  avoid burning at  the electron i n t e n s i t i e s  used. 

through a scanning lens  t o  a spot diameter of only f i v e  microns 
(a micron is one-thousandth of a millimeter o r  about 0.000039 
of an inch). 

The l i g h t  generated by t h e  tube  i s  focused on the f i l m  

The scanning lens  moves the spot of l i g h t  i n  a regular 
pa t te rn  across a small segment of the developed f i l m ,  cover- 
ing the  2.4-inch w i d t h  of the image on the  negative with 
17,000 horizontal  scans of the bea9each one-tenth of an inch 
long. A complete scqp across the f i l m  takes 20 seconds, and 
when it is ended, t h e  f i l m  advances one-tenth of an inch  and 
the scanning lens  t r ave l s  over the  next segment i n  the oppo- 
s i t e  direction. 

By the process used, the Lunar Orbiter w i l l  require 40 
minutes t o  scan t h e  11.6 inches of f i l m  which correspond t o  
a s ingle  exposure by the  t w o  lenses. 

-more- 
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As the spot of l i g h t  passes through the image on the nega- 
t i v e ,  it is modulated by the dens i ty  of the image, that is, 
the denser portions transmit less l i g h t  than sect ions of lower 
density. 

A f t e r  passing through t h e  f i l m ,  the l ight  is sensed by 
a photomultiplier tube  which generates an electronic  s ignal  
proportional t o  the in tens i ty  of the transmitted l i g h t .  The 
s ignal  is  amplif ied,  t i m i n g  and synchronization pulses  are 
added, and the r e s u l t  is f ed  in to  t h e  communications l ink  as the  
Lunar Orbiter 's  composite video signal f o r  transmission t o  
Earth. 

The flow of f i l m  through the Bimat processor cannot be 
reversed once started because the dry f i l m  would s t i c k  t o  the 
Blmat ,  so a complete readout of Lunar Orbiter photographs w i l l  
not begin u n t i l  the f i n a l  picture  i s  taken. 

Capability for  earlier p a r t i a l  readout is provided by 
the looper b u i l t  i n t o  the photographic system between the pro- 
cessor and f i l m  scanner. The p r io r i ty  readout looper holds 
four  frames, which can be sent  through the scanner upon ground 
command. Current plans c a l l  f o r  some partial readouts during 
the course of the mission, when there is suf f ic ien t  time between 
o r b i t s  on which photography issheduled.  

Before the f ina l  f i l m  readout is  begun, the Bimat web 
f i l m  used i n  processing is cut  so that the f inished negative 
can be pulled backward through the processor and gradually re- 
turned t o  the or ig ina l  f i l m  supply reel. After the Bimat web 
I s  cut ,  the Lunar Orbiter i s  no longer able t o  obtain photo- 
graphs, and the remaining portion of its photographic mission 
will be occupied w i t h  readout. 

Readout w i l l  occur in reverse order from that i n  which 
the p ic tures  w e r e  taken because of the inherent design of the 
photographic eystem. There i s  provision f o r  repeated readout 
i f  required. 

d o r e -  
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Elec t r i ca l  Power System 

Lunar Orbiter c a r r i e s  a conventional solar panel-storage 
bat tery type of power system, with provisions f o r  voltage 
regulation and charge control. 

each s l i g h t l y  more than 13 square feet i n  areao 
10,856 so la r  c e l l s  on the spacecraft panels--;;i714 per panel. 
Each I s  an N-on-P s i l i c o n  so lar  c e l l ,  0.8-in. square, 
protected by a blue r e f l ec t ing  f i l t e r ,  

P r imary  source of power i s  an array of four so la r  panels, 
There are 

I n  full sunlight, the Lunar Orbi ter  so l a r  panels w i l l  
produce about 375 watts of  power. 
array, including the stowage and deployment mechanisms, I s  
70 pounds. 

Total  weight of the 

Energy produced by the so la r  panels i s  stored fo r  use 
wnile the Lunar O r b i t e r  i s  In shadow i n  a 20-cell nickel- 
cadmium battery rated a t  12 ampere hours. 
cons is t s  of two iden t i ca l  10-cell modules; overa l l  weight 
i s  30 pounds. 

Orb i t e r ' s  e l e c t r i c a l  system voltage can vary from 22 
vo l t s  when the  b a t t e r i e s  are supplying the load t0 a peak 
of 31 vo l t s  when the s o l a r  panels are operating. 

The spacecraft  power system includes a charge cont ro l le r  
t o  prevent overloading the  ba t t e r i e s  while they are being 
recharged, and a shunt regulator t o  keep the so la r  array 
output from exceeding a safe maximum voltage. 

The bat tery 

C r i t i c a l  power system quant i t ies  are measured by 
sensors a t  various points, and the instrument readings w i l l  
be included i n  the engineering and performance i t e m s  
telemetered t o  Earth. 

-more- 
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Attitude Control System 

IUring the course of its mission, Lunar Oribter w i l l  be 
cal led on t o  perform accurately a larger number of a t t i t u d e  
changes than previous l u n a r  spacecraft missions have required.  

Frola launch through f i n a l  hotographic readout, Lunar Or-  

separate a t t i t u d e  maneuvers, a technological achievement wkth- 
out precedent f o r  an unmanneci spacecraft. 

b i t e r  I acted correct ly  upon 4, t 46 commands and performed 347 

Its a t t i t u d e  control subsystem has been designed to ac- 
complish these spacecraft  events precisely and repeatedly, 
while re ta ining enough f l e x i b i l i t y  t o  respond t o  changes or- 
dered by ground conrmand. 

Pr incipal  elements of the a t t i t u d e  system a r e  the program- 
mer, i n e r t i a l  reference uni t ,  Sun sensors, Canopus (star) track- 
er, an electronic  control and snitching assembly, and a set of 
react ion control thrusters .  

chl 
of 

The programmer is a low-speed d ig i ta l  data processing ma- 
.ne w i t h  a memory capacity large enough t o  provide 16 hours 
control over a photographic mission from stored cosmpands. It 

contains redundant clocks for tianing mission events, and is de- 
signed t o  operate primarily i n  the s tored program mode t o  ac- 
complish the major mission objectives. 

The programmer executes a stored program by bringing com- 

It is 
mands sequent ia l ly  from i t s  memory, completing them, and con- 
t inuing t o  measure time u n t i l  the next scheduled event. 
intended that the programmer memory w i l l  be per iodical ly  brought 
up t o  date by ground control, but the device can be operated i n  
a real-time command mode i f  required. 

I n  view of' t he  many precise maneuvers which Mnar OrWter 
must perform, the i n e r t i a l  reference u n i t  is a par t icu lar ly  lm- 
por tan t  element i n  the a t t i t ude  control system. 
main functions: 

It has f i v e  

During an a t t i t u d e  maneuver, i t  reports  the r a t e  a t  which 
the spacecraf t ' s  a t t i tude  I s  changing, so that the f l ight  pro- 
grammer can send correct instruct ions t o  the reaction control 
je ts  which posi t ion the vehicle. 

When photographs are being made o r  when the velocity con- 
t r o l  engine i s  i n  use, the i n e r t i a l  reference un i t  measures at-  
t i t u d e  e r rors  so that  the a t t i t ude  control system can be directed 
t o  maintain the a t t i t ude  required. 

A t  times when the velocity control engine l a  firing, an 
accelerometer i n  the  iner t ia l  reference u n i t  furnishes a meas- 
urement which permits t he  programmer 60 cut off the engine a t  
the  proper ins tan t .  

-more- 
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I While Iunar Orb i t e r  is i n  c r u i s e  o r  coasting fl ight,  
the inertial  reference uni t  keeps t rack of small osc i l la -  
t ions  which can be expected t o  occur and provides signals 
t o  t i e  attitude control  j e t s  r^or correckive ac t ion  when 
needed 

a memory of the posi t ions of the Sun o r  Canopus whenever the 
spacecraft  i s  i n  a pos i t ion  from which its sensors cannot 
see either one or  both of the basic c e l e s t i a l  reference bod- 
ies. Occultation is the technical term describing that 
condition, and it w i l l  occur during a port ion of every lunar 
orb i t .  The Sun, f o r  example, is  expected t o  be occulted 
about one-fourth of the time. Ine r t i a l  reference un i t  accu- 
racy is Important t o  Permit rapid re-acquis i t ion of the Sun o r  
Canopus when the spacecraft  emerges from the shadow region. 

In l u n a r  orbi t ,  the i n e r t i a l  reference un i t  furnishes 

The i n e r t i a l  reference u n i t  I s  contained i n  a package 
‘7, by. 10 by 7 inches, and weighs about 13 pounds. In  its beryllium 
main frame are mounted three single-degree-of-freedom, floated,  
ra te- integrat ing gyroscopes and one pulsed integrat ing pen- 
dulum-type accelerometer. 
t a i n e r  is f i l l ed  with the six electronic  modules required t o  
operate the uni t  and re lay  its measurements t o  the Lunar O r -  
b i t e r  programmer. Its power requirements are low, never 
exceeding 30 watts a t  any point i n  the mission. 

The remaining space i n  the con- 

I 

Five Sun sensors are carr ied on Lunar Orb i t e r  t o  provide 
the c e l e s t i a l  references needed fo r  a t t i t u d e  control  i n  p i tch  
and yaw. Four are coarse sensors, mounted under the corners 
of the heat shield between the propellant tanks and the ve- 
l o c i t y  control  engine. The f i f t h ,  a combination coarse and 
f i n e  Sun sensor, views through the equipment mounting deck 
which forms the bottom surface of the spacecraft .  

All so la r  sensors measure the angle of spacecraft  devi- 
a t i o n  from a d i r e c t  l i n e  t o  the Sun and generate an electro-  
n i c  signal i n  proportion t o  the deviation. The signal can 
then be used by the a t t i t u d e  control system t o  a d j u s t  the 
a t t i t u d e  of the spacecraft. 

The star t racker  o r  Canopus sensor furnishes  the celes- 
t i a l  reference f o r  the spacecraf t ’s  r o l l  axis .  Like the Sun 
sensors, it measures any angle of deviatbn of the Lunar Or- 
biter  frm a d i r e c t  l i n e  t o  Canopus, and provides the neces- 
sa ry  signal t o  begin a corrective maneuver when needed. 

-more - 
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I The star tracker is designed t o  produce a series of recog- 
n i t i on  signals from which a star map can be constructed by 
ground control lers .  The map permits a pos i t ive  determination 
t h a t  the tracker has locked onto Canopus Pather than some other  
star within its f ie ld  of view. 

In fl ight,  the Canopua tracker i s  used f o r  the f i r s t  tiae 
after Cne Unar Orbiter  na8 passed through the Van Allen radl8- 
t i o n  belts -- scme six hours after launch. It is located on the 
bnar Orbiter's maln equipment mounting deck, and looks outward 
through an opening i n  the thermal blanket. 

During the fl lght of Lunar Oribter I, s igna ls  from the 
Canopus t racker  were intermittently masked by InterfeEence, 
pa r t i cu la r ly  when the spacecraft  was i n  f u l l  sunlight.  
it passed into the ahadow of the Moon, the  interference disap- 
peared and the t racker  furnished a d i r e c t  and pos i t ive  lock on 
Canopus. 

When 

Subsequent ground experiments have iden t i f i ed  the i n t e r -  
ference as l ight re f lec ted  from the l o w  gain antenna and 
panel edges. 

s o l a r  

To prevent such undesirable ref lect ions,  Lunar Orbiter B 
and a l l  subsequent spacecraft  in the  series w i l l  have the o u t e r  
end of the low gain antenna and the edges and backs of the four 
s o l a r  panels coated with black an t i - re f lec t ive  paint ,  

A l l  parts of the a t t i t u d e  control system are Interl inked 
by a f l l g h t  electronkcs control assembly. 
ac t ion  j e t  valve dr ivers ,  signal summing amplifiers and llmlters, 
Sun sensor amplifiers and l imiters ,  signal generators, switching 
arrangements and other  e lectronic  c i r c u i t r y  required by the system. 

JUght reaction control thrusters use nitrogen gas i n  a 
titanium sphere d i r e c t l y  beneath the velocity control engine 
t o  generate the torques needed to  move Iunar Orbiter i n  r o l l ,  
pitch or  yaw. 
through a pressure reducing valve and plumbing pystesl according 
t o  commands issued by the progrmmer. 

The nitrogen storage bot t le ,  pressurized t o  $00 psi, w l m l  
contain j u s t  over 14* pounds of gas a t  the beginning of the mis- 
sion,  Ten pounds of t he  total are budgeted f o r  use  inaa t t l tude  
control  changes regulated a t  19 p s i ;  four remaining pound8 are 
assigned t o  the veloci ty  control system t o  be used i n  pushing 
f'uel and oxidizer from storage tanks In to  the veloci ty  control 
engine. 

It contains the re- 

Gas expelled through the th rus t e r s  18 d l~ r t r lbu ted  

The remainder takes care of leakage and a s m a l l  residue. 

-more- 
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-Velocity Control System 

In  a typica l  Lunar Orbiter mlsslon, a t  least three and 
perhaps Pour change8 In  Spacecraft velocity w i l l  be required 
after the launoh vehicle has completed Its work. 

Plans c a l l  for one and posa1bI.y two mid-course cor- 
rections, if necessary, but the most c r i t i c a l  veloci ty  
changes w i l l  have t o  be made In the v i c in i ty  of the Moon. 

There the spacecraf t ' s  velocity control  engine must 
execute a precision f i r i n g  maneuver t o  slow Orbiter j u s t  
enough t o  allow it t o  enter  an o r b i t  around the Moon. 

After several  days of careful o r b i t  tracking and 
computation, another f ir ing w i l l  reduce the perilune 
(lowest point of o r b i t )  to the f i n a l  height from which 
lunar surface photographs w i l l  be taken. 

To make the necessary changes and t o  provide a small 
margin of extra capabi l i ty ,  the Lunar Orbiter ca r r i e s  a 
109-pound t h rus t  engine and suf f ic ien t  fuel and oxidizer 
t o  make velocity adjustments to ta l ing  about 3,280 feet 
per  second. 

Lunar Orbiter's veloci ty  control  engine was de- 
veloped fo r  Project  Apollo, where it w i l l  be used i n  the 
Service Module and Lunar Module fo r  a t t i t u d e  control. 

Nitrogen te t roxide i s  the oxidizer and Aerozine 50 
the mel, 
unsymmetrical dimethyl-hydrazine (UDMH) o 

Aerozine 50 is a 50-50 blend of hydrazine and un- 

Both fuel and oxidizer are s torable  and hypergolic; 
that  is, when mixed together the two l iquids  burn without 
the need f o r  auxi l iary igni t ion,  Lunar Orbi ter ' s  four tanks 
divide the fue l  and oxidizer to  minimize changes in the 
spacecraf t ' s  center  of gravity as propellants are consumed, 
About 265 pounds of usable propellants will be carr ied in 
the spacecraft  tanks. 

The same source of gaseous nitrogen used f o r  the a t t i -  
tude control  th rus te rs  provides a posi t ive method t o  push 
the  propel lants  from t h e i r  tanks in to  the veloci ty  control 
engine when required. Each tank has within It a te f lon  
bladder which exerts  a posi t ive pressure against  the l iquid 
when nitrogen is admitted t o  the opposite face. The tanks 
a r e  pressurized t o  about 200 pounds per square inch, 

-more- 
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Tank pressurization will be conananded a short time 
before the first midcourse maneuver, When the maneuver 
is to begin, the attitude control system places the 
spacecraft in an attitude based on ground computations 
and the programmer transmits an opening signal to solenoic! 
valves on the fuel and oxidizer lines. Thrusting begins 
when the me1 and oxidizer mix and burn in the engine's 
combustion chamber. 

While thrusting, the accelerometer in the Inertial 
reference unit constantly measures the change in velocity 
as it occurs, and when the desired increment is achieved, 
the solenoid valves are commanded to close and the engine 
stops firing. 

The velocity control system is capable of as much as 
710 seconds o f  operation and at least four engine operating 
cycles, 

Communications System 

The Lunar Orbiter communication system is an S-band 
system compatible with the existing NASA Deep Space Network 
and capable of operating In a variety of modes. 

It enables the spacecraft to: 

Receive, decode and verify cormnands sent to the space- 
craft from Earth; 

Transmit photographic data, information on the lunar 
environment gathered by the radiation and micrometeoroid 
detectors, as well as information on the performance of 
the spacecraft ; 

Operate In a high power mode when photographic infor- 
mation is being transmitted,and a low Power mode at other times; 

Provide by ground command the ability to choose the 
transmitting power mode and to turn the transmitter off 
and on. 

The heart of the Lunar Orbiter's communication 
system is a transponder basically similar to the type 
flown on Mariner IV, 

-more- 
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The transponder receives a transmitted command from 
Earth and passes it to a decoder where it is stored tempora- 
rily. The command is then re-transmitted to Earth through 
the transponder to verify that it has been correctly 
received. When verification is confirmed, an execute 
signal is sent from Earth causing the decoder to pass the 

as required. The connnand transmission rate I s  20 bits 
per second. 

Cem&?c! gleEg to the prcgmm-e?? fop Fmediate or later use 

In the tracking and ranging mode, the transmitting 
frequency of the transponder is locked to the frequency of 
the signal being received from Earth in a precise ratio. 
The signals can then be used to determine the radial 
velocity of the spacecraft to an accuracy of about one foot 
per second. 
system, the transponder signal will measure the distance 
between the Earth and the spacecraft with an accuracy of 
ahnr_rf. Inn t'ppt., 

When interrogated by the Deep Space NetworkFanglng 

A low power operating mode delivers spacecraft per- 
formance telemetry and data from the lunar environment 
experiments (radiation and meteoroids) to Earth at 50 bits 
per second. Telemetry is in digital form, and has been 
passed through a signal conditioner, a multiplexer encoder 
and a modulation selector before transmission. 

A high power comication mode is used to transmit 
photographic data in analog form and brings I n t o  use the 
spacecraft's high gain antenna and a traveling wave tube 
amplifier. Performance and environmental telemetry will be 
mixed with the photographic information In the transmission. 

During photographic or video data transmission, the 
spacecraft uses a 10-watt transmitter and a high gain 
antenna. At other times, a one-half watt transmitter wAd a 
low gain antenna are used to conserve battery power. 

A low gain antenna is hinge-mounted at the end of an 
82-inch boom. 
shield is jettisoned. The hinge is spring loaded and fitted 
with a positive locking latch to keep the boom In deployed 
position. The radiation pattern of the low gain antenna 
is virtually omnidirectional. 

It is deployed in space after the heat 

-more- 
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By contrast ,  the high gain antenna which w i l l  come in to  
use when pictures  are tranamitted is q u i t e  dlrectiona1,having 
a 10-degree beam width. It is therefore equipped wi th  a ro- 
t a t iona l  mechanism so that i t  can be correct ly  pointed toward 
the Earth s t a t ion  receiving its transmissions. 

The high gain antenna is a 36-inch parabolic dish of light- 
w e i g h t  honeycomb construction. 
52-inch boom and is deployed after heat sh ie ld  j e t t i s o n  i n  the 
same way as the low gain antenna. 
weigh only two and one-third pounds. 

It is  mounted on the end of a 

The antenna dish and feed 

A motor driven gear box a t  the base of the high gain an- 
tenna boom allows the boom t o  be rotated i n  one degree steps 
t o  point  the antenna accurately toward the Earth receiver.  

Temperature Control System 

Ihnar Orbiter is equipped with a passive temperature con- 
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i ts  operation and t o  l l m l t  t h e  amount of &at a b s o r b z  when the 
spacecraft  is  i n  direct sunlight. 
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All sides of t he  spacecraft  are insulated except the equip- 
ment mounting deck which forms the bottom of Lunar Orbtter. The 
mounting deck is  coated w i t h  a special  paint  similar t o  t h a t  used 
on Mariner I V .  
heat much more readily than it can absorb heat from the Sun, and 
it thus forms a heat sink t o  dissipate heat generated inside the 
spacecraft .  

The pa in t  permits the deck surface t o  radiate 

Some degradation of the special  paint  covering the equip- 
ment mounting deck was noted during the f l ight  of mnar  Orbiter I. 
Ultraviolet  radiat ion is the  suspected cause. As a r e s u l t ,  tea- 
peratures  inside the spacecraft  nere somewhat higher than pre- 
dicted,  and it became necessary a t  times t o  tilt Lunar Orbiter I 
away from d i r e c t  sunl ight  t o  maintain normal temperature control. 

To overcome the problem, a di f fe ren t  type of paint ,  ident i -  
f led as S13G, has been applied t o  Orbiter B's deck. 
tes ts  s l m u l a t i n g  solar u l t r av io l e t  radiat ion and space vacuum 
indica te  the addi t ional  paint  will not degrade as rapidly i n  
space and should provide better temperature control.  

Laboratory 

I n  addition, three small metal coupons have been attached 
t o  lhnar  Orbiter B, each coated w i t h  a d i f f e ren t  type of paint  
and each instrumented with a thermocouple t o  measure i t s  t e m -  
pera ture  changes. In addition, a small m i r r o r  also instrumented 
w i t h  a thermocouple is mounted on Orbiter. These samples should 
provide d i r e c t  information on the  r e l a t ive  eff ic iency of various 
pa in t s  i n  the space environment. 
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On Orbi te r ' s  upper surface, the heat shield on which the 
veloci ty  control  engine i s  mounted i s  insulated,  and the e n t i r e  
surface of the spacecraft  within those boundaries i s  covered 
with a mult i layer  thermal blanket composed of alternating layers  
of aluminized mylar and dacron cloth. The high r e f l ec t ive  alumi- 
nized mylar w i l l  e f fect ively prevent solar heat from reaching the 
i n t e r i o r  of the spacecraft .  

During f l i g h t  from the  Earth t o  the Moon, Lunar Orbiteris 
temperature inside the thermal blanket w i l l  vary between 40 and 
100 degrees F. In  l u n a r  o r b i t ,  the spacecraft  In te rna l  tempera- 
tures w i l l  range between 35 and 85 degrees F. 

All external  pa r t s  of t he  spacecraft  are capable of with- 
standing f u l l  sunlight f o r  an indef in i te  period. 

LUNAR ORBITER TASKS 

Lunar Orbiter Bts primary assignment i s  t o  obtain detailed 
photographs of specif ied areas  of +,he Moon's surface t o  assist 
i n  the se lec t ion  of proposed landing  sites f o r  Project  Apollo 
and t o  enlarge the current s c i e n t i f i c  understanding of Earth's 
nearest  neighbor, 

inquiry through the following experiments : 

shape of the  Moon; 

It w i l l  contribute t o  three addi t iona l  areas of s c i e n t i f i c  

-- Selenodesy, the  study of the  grav i ta t iona l  f ie ld  and 

-- Meteoroid measurements along the t ranslunar  t ra jec tory  
and i n  o r b i t  near the Moon; 

-- Radiation measurements i n  c is lunar  and near-lunar space. 

Information obtained from the selenodesy experiments w i l l  
increase knowledge of the Moon's grav i ta t iona l  f i e ld  obtained 
through detailed tracking of Lunar O r b i t e r  I. It is now be- 
l ieved, on the basis of the f i rs t  d i r ec t  measurement by Lunar 
Orbiter I, t h a t  the Moon i s  nearly spherical ,  although it does 
have i r r e g u l a r i t i e s  which a f fec t  Spacecraft o r b i t s  about it. To 
assist Project  Apollo mission planners and t o  expand avai lable  
s c i e n t i f i c  knowledge, Lunar Orb i t e r  B w i l l  be careful ly  tracked 
t o  r e f i n e  the ex is t ing  knowledge of t he  lunar gravi ty  f ie ld .  

R e s u l t s  of the Lunar Orbiter I f l ight  have erased a ser ious 
unbown which faced NASA s c i e n t i s t s  and engineers before the  
f irst  O r b i t e r  mission, and it is now possible t o  operate space- 
c r a f t  w i t h  confidence i n  low incl inat ion o r b i t s  as close as 20 
miles t o  the lunar surface. 
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Meteoroid and radiat ion data are primarily gathered f o r  
spacecraft  performance analysis  b u t  a l s o  are of considerable 
s c i e n t i f i c  i n t e re s t .  

Lunar Photography 

Lunar photography is Orbi ter ' s  p r inc ipa l  assignment, and 
the e n t i r e  pro jec t  has been b u i l t  around the requirement t o  ob- 
t a i n  high qua l i ty  photographs of large areas  of the Moon's sur-  

can be distinguished. 
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From such photographs, i n  combination w i t h  Surveyor data, 
Project  Apollo mission planners can work w i t h  confidence toward 
the se lec t ion  and ce r t i f i ca t ion  of s u i t a b l e  landing sites f o r  
Apollo's Lunar Module. 

Both the  spacecraft  and Mission B have been designed t o  
y i e ld  a maximum of s c i e n t i f i c  information about the lunar  areas 
t o  be photographed, The camera system w i l l  be employed i n  sev- 
eral  d i f f e ren t  modes, and the second mission has been careful ly  
calculated t o  gather  the maximum of topographic information from 
13 selected primary si tes grouped along and s l i g h t l y  north of 
the lunar  equator. 

Photography over each of the 13 selected sites has been 
programmed t o  produce overlapping p ic tures  of most of the areas 
pho+ographed by the rnedfum resolut ion lens .  The pictures  w i l l  
form s t e reo  pairs, and well-developed techniques of photographic 
in t e rp re t a t ion  w i l l  be used t o  ex t rac t  the topographic informa- 
t i o n  they w i l l  contain. 

The high resolut ion coverage, while not stereoscopic, can 
be analyzed by photometric methods t o  y i e ld  information on 
smaller slopes, c r a t e r s  and other small-scale surface features. 

To cover the primary mission B sites, 184 frames of the 
O r b i t e r ' s  capacity of 211 frames have been bugeted. 

The remaining 27 frames represent film tha t  must be moved 
through the camera system at  four t o  eight hour in t e rva l s  t o  
prevent the f i l m  from developing a permanent set by remaining 
over the r o l l e r s  f o r  too long a time o r  s t icking t o  the  blmat 
developer. 

Thus, the posi t ion and number of the secondary sites 
u t i l i z i n g  these remaining 27 frames are subject  t o  the exact 
conditions of the operational s i t ua t ion  that may e x i s t  d u r i n g  
the photographic phase of the mission. In  general, the attempt 
w i l l  be t o  u s e  these t o  f i l l  i n  areas of the hidden side not 
photographed by Lunar Orbiter I, and t o  obtain addi t ional  
coverage of areas  on the  f ront  side. 
coverage may include oblique photography similar t o  t h a t  ob- 
ta ined  on Lunar O r b i t e r  I. 

Some of t h i s  addi t ional  

-more- 
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To make O r b i t e r ' s  photography as useful as possible,  p i c -  
tu res  w i l l  be taken short ly  a f t e r  l oca l  sunrise  on the Moon, so 
that sunl ight  falls  on the lunar surface a t  a shallow angle. 
T h a t  l i gh t ing  s i t ua t ion  w i l l  permit the best use of photometric 
techniques t o  obtain the maximum amount of topographic and geo- 
log ica l  information from the photographs, As the  spacecraf t  con- 
t inues orbi t ing,  the Moon turns  on i t s  ax i s  beneath it, bringing 
the 13 primary target sites successively i n t o  camera vlew. 

A t  each primary target s i t e ,  the camera w i l l  m a k e  a t  least 
eight exposures a t  in te rva ls  of about t w o  and one half seconds. 
Some sites w i l l  receive a t o t a l  of 16 frames of coverage by tak- 
ing eight frames on each of two successive orb i t s .  One w i l l  re- 
ceive 24 frames of coverage, using eight frame sequences on each 
of three successive o rb i t s .  The first primary s i te ,  over which 
the camera w i l l  be operated for  the f i rs t  t i m e ,  w i l l  be photo- 
graphed with 16 frames on one o rb i t  followed by four addi t ional  
frames as close t o  the  s i te  as possible.  That sequence w i l l  f i l l  
t h e  camera loopers so t h a t  p r i o r i t y  readout of frames can begin, 

I n  cases where there I s  suf f ic ien t  separation between photo- 
graphic orb i t s ,  Lunar Orb i t e r  will process and transmit t o  Earth 
one o r  more frames of photographic coverage. 

After completing photography, which on t h i s  mission w i l l  
consis t  of 211 frames, a complete readout w i l l  begin. Present 
schedules cal l  fo r  taking t h e  f i n a l  frame of photography on 
November 25 with f u l l  readout completed by December 13. 

Readout of a complete frame -- one medium resolut ion pic-  
tu re  with a high resolut ion p ic ture  centered within it -- takes 
about 43 minutes. Under the best  conditions, Lunar Orbiter  I 
was able t o  read and transmit up t o  two frames per  o r b i t .  For 
readout it is  necessary t o  have the spacecraft  i n  sunl ight  with 
i t s  high gain antenna pointed a t  one of the  Deep Space N e t  re- 
ceiving s ta t ions .  

Select ion of the 13 primary target sites t o  be photographed 
by the second Lunar Orbiter was made by a spec ia l  NASA Surveyor/ 
Orbi ter  Ut i l iza t ion  Cammittee. The se lec t ion  was based on a con- 
sideration of the Apollo and Surveyor project requirements. The 
committee worked from recommendations drawn up after extensive 
consul ta t ion among experts from the Lunar Orbi ter ,  Surveyor and 
Apollo programs, Bellcamm, the U . S ,  Geological Survey, and NASA 
Headquarter8. 

With a single exception, the 13 primary sites are within 
the northern half of the A p o l l ~  zone of i n t e r e s t  which is de- 
f ined as plus  o r  minus f i v e  degrees of l a t i t ude  and plus  o r  
minus 45 degrees of longitude. The exception is s i te  IIP-11, 
whose center  is  Oo 05 South of the Moon's equator at 19055' West. 

-more - 
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lenode E 
MaJor uncertaint ies  about the detailed nature of the  Moon's 

grav i ta t iona l  f i e ld  were dispelled by the s c i e n t i f i c  contribu- 
t ions  of h n a r  O r b i t e r  I, and as a r e s u l t  the fl ight of Lunar Or -  
b i t e r  B has been designed with considerably more confidence. 

Although w e  now possess enough knowledge of the lunar gra- 
v i t a t iona l  f i e l d  t o  operate spacecraft f r ee ly  i n  l u n a r  orbi t ,  
there is a requirement f o r  much more detailed study and Lunar O r -  
b i te r  B, l ike  Its predecessor, w i l l  be tracked w i t h  care t o  add 
t o  what has already been learned. 

The Moon, according t o  the best ex is t ing  analysis,  is rela- 
t i ve ly  "smooth," t h a t  is, i t s  gravi ta t iona l  f i e l d  does not appear 
t o  possess large o r  unusual variations,  It is su f f i c i en t ly  non- 
uniform t o  produce s m a l l  changes i n  the track of any satell i te 
around it, and these small changes, su i tab ly  evaluated by complex 
computer programs, permit s c i e n t i s t s  t o  deduce from tracking data 
fu r the r  information about lunar  gravity,  

Selenodic analysis of the  tracking data of Lunar O r b i t e r  I 
has yielded a description of the lunar grav i ty  f i e ld  which w i l l  
be  used i n  making operational lifetime predictions fo r  managing 
the mission of Lunar Orbiter B. Post f l igh t  an?ilysis of the 
tracking data of Lunar O r b i t e r  B w i l l ,  i n  a long range sense, 
contribute t o  f u t u r e  manned and unmanned missions near the  Moon. 

Principal invest igator  f o r  the Lunar O r b i t e r  selenodesy ex- 
periment is  W i l l i a m  H. Michael, Jr., Head of the Mission Analysis 
Section, NASA Langley Research Center, Co-investigators are 
Robert H. Tolson, Langley; and Jack Lore11 and Warren Martin of 
NASA8e Jet Propulsion Laboratory. 

Meteoroid Measurements 

Lunar O r b i t e r  B w i l l  carry 20 pressurized-cell detectors 
t o  obtain more d i r ec t  Information on the presence of meteoroids 
i n  the near-lunar environment, 

A s  the  photographic system is enclosed i n  a thin-walled 
aluminum container which provides a controlled pressure and hu- 
midity environment f o r  the operation of the camera system, a 
puncture of t h i s  container wall by meteoroids could r e s u l t  i n  
performance degradation of t h i s  system. 
occurs, the meteoroid data could give clues t o  i ts  cause. 

If such a Uegradation 

Thus, the meteoroid information w i l l  guide designers of 
fu tu re  spacecraft  by determining what hazard, i f  any, should be 
expected from meteoroids -- small pa r t i c l e s  of so l id  matter 
which move a t  very high speeds i n  space. 

-more- 
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Meteoroids are most ev ident  when they penetrate  the Ear th ls  
atmosphere and produce the streak8 of l ight  cal led meteors as 
they burn t o  destruction. NASAls Explorer satellites X I I I ,  X V I  
and XXIII and the three large Pegasus satellites provided d i r ec t  
measurements of the meteoroid population i n  orbi t6  near the Earth, 
b u t  similar measurements near the Moon and i n  t ranslunar  space 
have been made only by Lunar Orbiter I, 

Tne -20 pressurized @el?. detectc~s monnted on Lunar O r b i t e r  
were made i n  the instrument shops of t h e  Iangley Research Center. 
Each i s  shaped like a half cylinder seven and one-half inches long. 

The uncture-sensitive skin of each half cylinder is bery l l ium 
copper l A , W - i n c h  thick. The detectors  are mounted girdle-wise 
outside the Lunar Orbiter's thermal blanket, on brackets attached 
t o  the f u e l  tank deck of the spacecraft ,  

A t o t a l  surface area of three square feet Is provided by 
the 20 ce l l s .  

A t  launch, each c e l l  l e  pressurized with helium gas. If a 
meteoroid punctures the th in  beryllium copper skin the helium 
leaks away, and a sens i t ive  metal diaphragm inside the half cylin- 
der detects  the loss of pressure and closes  a switch t o  Indicate  
that a puncture has occurred. Periodic sampling of the pressure 
c e l l  switches by telemetry indicates  whether any have been 
punctured. 

Experimenter f o r  the meteoroid measurements is Charles A. 
Gurtler, Head of the Sensor Development Section of the Langley 
Research Center's F l igh t  Instrumentation Division. Project Engi- 
neer I s  G a r y  W. G r e w  of langley. 

Radiation Measurements 

The photographic f i l m  aboard Lunar Orblter is sens i t ive  t o  
radiat ion exposure and several  par t s  of the photographic system 
are shielded t o  reduced the  poss ib i l i ty  of damage, 

To report  the actual  amounts of radiat ion t o  which the space- 
c r a f t  may be subjected on i t s  way t o  the Moon and during lunar or- 
b i t s ,  t w o  s c i n t i l l a t i o n  counters are Included among Its instruments, 
One is close t o  the film supply reel and the other  adjacent t o  the 
camera she l l .  

Although their  primary job is  t o  report  radiat ion i n t e n s i t i e s  
which might be hazardous t o  the film, they Will supply addi t ional  
Information about the radiat ion found by Lunar Orbi te r  along i t a  
flight path, 

Experimenter f o r  the Radiation Measurements Is Dr. Trutz 
Foelsche, Staff Sc ien t i s t  of the Langley Research CenterIs Space 
Mechanics Mvision. 

-more- 
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ATLAS-AQENA D LAUNCH VEHICLE 

A n  Atlas/Agena D launch vehicle w i l l  boost Lunar Orbiter B 
from Launch Coarplex 13 at Cape Kennedy t o  an approximate ll541Ile- 
high parking o r b i t  before injecting the spacecraft on its luna r  
t ra jec tory ,  

The upper-atage Agena must start the  spacecraft on its way 
t o  the Moon through a narrow "translunar InJection point" sane 
l l 9  a l e s  above the Earth's aurface. 
mph, p l u s  o r  minus an allowable e r r o r  of less than 54 mph, 

Inject ion veloci ty  is 24,400 

The accuracy required of the launch vehicle is so great that, 
with no mldcourse &Ltlllc?uver, Orbi ter  must not be more than 10,OOO 
a l e s  off i t a  aiming point after t rave l ing  more than 221,000 miles 
t o  the Moon. 

Lunar encounter conditions during the winter months of No- 
vember, December and January may require  a Northward launch fran 
Cape Kennedy's Launch Canplex 13. Even with the time gained on 
a northerly azimuth, the coast period between Agena's first and 
second burns w i l l  be as short  as 260 seconds with the most l i k e l y  
translunar InJectIon point coaing over North America, This dif-  
fers conliderably from the Tunar Orbiter  I f l ight  i n  August where 
spacecraft  InJectIon occurred over the Indian Ocean after an ex- 
tended coast period, 

18O North of due East, 
t ra jegtory,  the hnar Orbiter B Atlas booster has a r o l l  capabi l i ty  
of 39 

0 
The maxinrum northward azlmuth i n  November would be  72 , or  

To meet the requirements of t h i s  unusual 

compared w i t h  26O on the first Orbiter mission. 

NASArs LewI8 Research Center, Cleveland, managed development 
of both the shroud and the  spacecraft adapter f o r  the Orbiter ve- 
h i c l e  , 

The shroud is made of magnesium with a beryllium no88 cap, 
Its over-the-nose design is similar t o  that which Lewis developed 
f o r  the successful Mariner I V  f l ight  t o  Mars. 

The spacecraft  adapter I s  the mounting s t ruc tu re  that sup- 
ports the spacecraft, the shroud and a sealing dlaphragn, and pro- 
vides a t r a n s i t i o n  from the Orb i t e r  t o  the Agena. 
four  spring-loaded plungers t o  push the spacecraft Pram Agena 
at  separation and a V-band release mechanism with as8Ociated 
pyrotechnic devices. This s t ruc ture  is made of lllegneslum. 

It Includes ' 

-more- 
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LAUNCH VEHICLF, STATISTICS 

direct ion of NASA's Lewis Research Center, Cleveland, Ohio. 
The Atlas/Agena D Lunar O r b i t e r  launch vehicle is under the  

Total  H e i g h t  on pad 

Total Weight on pad 

H e i g h t  

Mameter 

Weight ( a t  l i f t o f f )  

Propellants 

Propulsion 

Guidance 

Prime Contractors 

105 feet 

279,000 pounds 

A t a s  

68 feet 

10 feet 

261,000 pounds 

RP-1 11,530 gallons) 
LOX ( Q ,530 gallona) 

2 Rocketdyne boosters, 
1 sustainer,  and 2 
verniers 

G,E, M o d  I11 

Age- D 

23 feet 

5 feet 

15,600 pounds 

unsymetrical di-  
methyl hydrazine 
UIMH (585 gal lons)  
and irihlbiEed red. 
fuming n i t r i c  acid 
IRIWA (745 gal lons)  

B e l l  Aerorsystems 
Engine 

Lockheed i n e r t i a l  
reference package 

General Dynamics/ 
Convalr, San Mego, 

Lockheed Missiles & 
- -  Space Co., SUMY- 

Ca l i f .  vs le ,  Calif . 
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DEEP SPACE NETWORK 

The NASA Deep Space Network (DSN) cons is t s  of a number of 
permanent space communications s t a t ions  s t r a t e g i c a l l y  placed 
around the world; a spacecraft monitoring s t a t i o n  a t  C a  e 
Kemedy, and the Space Fl ight  Operations F a c i l i t y  (SFOFT i n  
Pasadena, C a l .  

Permanent s t a t ions  include four  sites a t  Goldstone, i n  
the Mojave Desert, Cal.; two s i t e s  i n  Australia,  a t  Woomera 
and Tidbinbi l la  near Canberra; Robledo si te,  near Madrid, 
Spain; and Johannesburg, South Africa. All are equipped w i t h  
85-foot-diameter antennas except the one a t  Goldstone which 
is  210 feet i n  diameter, One other si te,  now under construc- 
t i o n  near Madrid w i l l  be known as Cebreros. 

The DSN i s  under the technical d i rec t ion  of the Jet Pro-  
pulsion Laboratory f o r  NASA's Office of Tracking and Data 
Acquisition. Its mission i s  t o  t rack,  communicate, receive 
telemetry from and send commands t o  unmanned lunar and plane- 
t a r y  spacecraft  from the time they are injected i n t o  o r b i t  
u n t i l  they complete their  missions. 

The DSN uses  a Ground Communications System f o r  opera- 
t i o n a l  control  and data transmission between these s ta t ions .  
The Ground Communications System i s  part of a l a rge r  net 
(NASCOM) which links a l l  of the NASA s t a t ions  around the world. 
Th i s  n e t  is under the technical d i rec t ion  of the Goddard Space 
F l igh t  Center, Greenbelt, Md. 

The Goldstone D N  s t a t ions  are operated by JPL  w i t h  t h e  
ass i s tance  of the Bendix Field Corporation. J P L  a l s o  operates 
the Robledo s i te  under an agreement w i t h  the  Spanish govern- 
ment. Technical support  i s  provided by the Bendix F ie ld  
Corporation. 

The Woomera and Tidbinbilla s t a t ions  are operated by 
the Australian Department of Supply. The Johannesburg s t a t i o n  
i s  operated by the South African government through the Coun- 
sel of Sc ien t i f i c  and Indus t r ia l  Research and the National In- 
s t i t u t e  f o r  Telecommunications Research. 

-more- 
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Stat ions of the network receive radio signals from the 
spacecraft ,  amplify them, process them t o  separate the data 
from the carrier wave and transmit required portions of the 
data t o  the SFOF i n  Pasadena via high-speed data l i nes ,  radio 
links, and te le type.  The s ta t ions  are a l s o  linked w i t h  the 
SFOF by voice l ines .  All incoming data are recorded on mag- 
netic +,=pes 

The DSN s ta t ions  assigned to the Lunar  Orbi ter  proJect 
are the  Echo s t a t ion  a t  Goldstone, Woomera, and Madrid. 
Equipment has been ins ta l led  at  these s ta t ions  t o  enable them 
t o  receive picture  data from t h e  Lunar O r b i t e r  spacecraft. Since 
these three s t a t ions  are located approximately 120 degrees apart 
around the  world, a t  least  one w i l l  always be able t o  communi- 
cate w i t h  the  spacecraft as it t r ave l s  toward the Moon. 

The Space Fl ight  Operations Center (SFOF) at JPL, the 
command center  f o r  the DSN s ta t ions ,  w i l l  be the primary m i s -  
s ion control  point. The overseas s t a t ions  and Goldstone are 
linked t o  the  SFOF by a communications network, allowing track- 
ing and telemetry information t o  be received and displayed i n  
real t i m e .  Key personnel f o r  the Lunar Orbiter program w i l l  
be s ta t ioned a t  SFOF during t h e  spacecraf t ' s  f l i g h t .  Commands 
w i l l  be generated a t  SFOF and transmitted t o  the DSN s t a t i o n  
f o r  relay t o  the spacecraft. 

-more- 



-37- 

Data Acquisition 

compatibility with existing equipment Installed at ASN s t a -  
tions. Additional equipment installed at the three Deep 
Space Network stations assigned to the Lunar Orbiter pro- 
ject includes three racks of telemetry and command equipment 
m i  four recka of equipment associated with the processing 
and recording of photographic information from the space- 
craf t . 

The Lunar Orbiter spacecraft was designed for maximum 

I 

~ 

Spacecraft tracking and ranging I s  accomplished by 

information and data 
existing DfjN equipment at the stations. Telemetry data, 
including spacecraft housekeeping 
gathered by meteoroid and radiation sensors i s  routed to 
performance telemetry equipment and recorded on magnetic 
tape. The output fmm this equipment is fed directly to 
the SFOF via high speed data lines or teletype. 

Video data are routed from the receiver at the DSN Sta- 
tion to photographic ground reconstruction equipment. 
video signal is generated on board the spacecraft as the scan 
beam passes back and forth across the photographic negative. 
The signal is transmitted to Earth where It is magnetically 
taped and displayed line by line on a kinescope. 

A 

The face of the kinescope is photographed by special 
35mm cameras at the DSN stations, converting the video in- 
formation back to photographic image. Two 35mm film records 
are made at each DSN station. Portions of this film are 
processed at the station so that picture quality may be 
judged and corrections made, if necessary, to the spacecraft 
camera or readout system to improve the quality of subse- 
quent pictures. 

inch wide by 16-3/4 inches long, and represents a portion 
of the original f i l m  on board the spacecraft only l/l0-inch 
wide and 2.165 inches long. 
of these framelets, scientists will be able to reconstruct 
a duplicate about eight times as large as the original nega- 
tive stored on the spacecraft. 
in the Eastman Kodak laboratories at Rochester, N . Y .  

Each of these 35mm framelets measures approximately 3/40 

By carefully assembling a series 

This work will be accomplished 

Fourteen framelets w i l l  be edge-matched to form a com- 
posite that is photographically reduced to a 9 by 14-Inch 
re-assembled photograph. Seven of the 9 by 14-inch compo- 
sites constitute one high-resolution frame on the spacecraft 
negative. 

-more - 
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Data Evaluation 

The photographs produced by the reassembly p r i n t e r  a t  
Eastman Laboratories w i l l  be flown t o  the Iangley Research 
Center, Hampton, Va., where NASA w i l l  assemble a group of 
experts i n  various areas of lunar science and space techno- 
logy. I n i t i a l  screening and a preliminary evaluation of the 
Lunar Orbiter 's  photographic r e s u l t s  w i l l  be made by that group. 

The evaluation team w i l l  include representatives of the 
Lunar Orbiter Project; NASA Headquarters; the Manned Spacecraft 
Center; Bellcomm; the Surveyor Project; the U . S .  Geological 
Survey; and the USAF Aeronautical C h a r t  and Information Ser- 
vice and the Army Map Service, both Department of Defense 
Agencies. 

One primary task of the evaluation group w i l l  be a pre- 
liminary screening of the photographs t o  a i d  i n  planning 
future  Orbiter missions j u s t  as Lunar O r b i t e r  I photographic 
data was used as the basis fo r  the Orbiter B photographic 
f l i g h t  plan. The photographs also w i l l  be reviewed as a guide 
t o  future Surveyor f l i gh t s .  

Lunar  Orbiter photography w i l l  be analyzed f o r  slope and 
p r o f i l e  information useful  t o  Project Apollo, and pre- 
liminary t e r r a i n  maps of sites which appear of i n t e r e s t  t o  
Apollo w i l l  be prepared. 

S t a t i s t i c a l  analysis  of portions of the data w i l l  be made 
as rap id ly  as possible, t o  expand general knowledge of lunar 
surface conditions, and a computer study of t e r r a i n  information 
extracted from the L u n a r  Orbiter photographs w i l l  be made a t  
the Manned Spacecraft Center. 

Over a longer period of time, Lunar O r b i t e r  photographs 
w i l l  be used i n  geological and t e r r a in  s tud ies  directed toward 
landing s i te  problems, and f inal ly ,  the photographs w i l l  be 
used f o r  longer-term systematic geologic investigations t o  
obta in  a more comprehensive understanding of the Moon i t s e l f .  

-more - 
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ATWS-MlWA/UJNAR ORBITER XISSION 

Approxlmate launch tiaea*for the November period of a 
Lunar Orbiter B launch are: 

Nov. 6 
Nov. 7 
Nov. 8 
Nov. 9 
Nov. 10 

Countdown Event8 

Event 

Start Count 
Start UIMH Tanking 
Finish UCWH Tanking 
Start removal of' Gantry 
Complete Removal of Gantry 
S t a r t  IRFNA Tanking 
F i n i s h  IRFNA Tanking 
Bui l t - in  Hold of 5O-minutes 
IT0  m e e t  la unch window requirements ) 
S t a r t  LOX !Pankine 
Bui l t - in  Hold of-10 minutes 

To meet launch window requirements) 
Secure Ix)X Tanking 
Hold for Automatic Sequencer 
A t l a s  engines t o  F u l l  !Chrust 

Window Clorrsa 
7 
\=/ 

0:35 por. 
9:59 P.m. 

l0:49 p.m. 
11:41 p.m. 
12:40 a.m. 

Minus Tlme (MinUk8) 

395 
155 
135 
130 
100 
90 
65 
60 

45 
7 
2 

2 second8 
18 second8 

* Subject t o  addi t ional  track- and range res t r ic t ion8  

-more - 
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MAJOR FLIGHT EVENTS 

Event 
Plus Time 
(seconds) 

Booster Engine Cutoff 128 
(mco) 

Je t t i son  Booster Section 131 

Sustkiner Engine Cutoff 289 
(SECO) 

S t a r t  Agena Pr imary  Timer 294 

Vernier Engine Cutoff 309 
(mco) 
J e t t i s o n  Shroud 311 

Atlaa -Age= Separation 313 

Start Agena F i r s t  Burn 366 

End Agena F i r s t  Burn 519 
S t a r t  Age- Second Burn 1272 1 

End Agena Second Burn 1360 

Ve l o c i  tg 

6625 

12655 

12630 

12560 

17440 

17445 

24425 

Miles 
Alti tude Downrange 

33 50 

33 50 

94 400 

101 464 

112 

115 
114 

119 

644 

1211 

4566 

5025 

Launch Vehicle Pl ight  

The vehicle 's  time i n  parking o r b i t  w i l l  vary f r o m  544 8eOOnd8 
t o  as much as 1 9 5  before the sequence is begun t o  Igni te  Agenara 
engine f o r  the second t i m e .  Lunar Orbiter must be s ta r ted  on I t a  
90-hour coast  t o  the Moon a t  a velocity of 24,400 mph PLUS or 
mirus a margin f o r  e r r o r  of only 54 mph. 
be-gained w i l l  be dependent on previous f l i gh t  events but the 
f igure should be on the order of 7000 nph requiring some 92 seconds 
of engine operation. 

The exact velocity-to- 

Age- must i n j e c t  Lunar Orbiter toward the Moon a t  a point  
i n  space which remains re la t ive ly  fixed. However, the Earth 
turns  under t h i s  s ta t ionary gateway t o  the Moon and the ac tua l  
i n j ec t ion  time varies  with the day and hour of the launch. 

Launch vehicle performance var ies  somewhat, thus the times 
of a c t u a l  f l ight  events are determined during the f l ight  when the 
desired speed and a l t i t u d e  are acquired. 

-more - 



A t  the correct  point  on the ascent t ra jectory,  the radio 
guidance system starts the Agena primary tlner which controls 
a l l  Agena events except engine shutdown. 
and inject ion conditions are highly Influenced by the point on 
U A A G  YYYIII~ o-n-nf tra4ectox-y -- " a t  which the Agena prinrary timer is 
started. 

Both parking o r b i t  

Agenag s veloci ty  meter controls the duration of engine, 
burni 
and, when that veloci ty  is  gained, the engine is shut down. !f%at 
is, should Agena's 16,000-pound-thrust englne burn a l i t t l e  
hot ter ,  the t i m e  of engine operation w i l l  be shorter  than that 
given as nominal but the end ef fec t  of the desired vehicle 
veloci ty  w i l l  be the same. 

It is preset w i t h  the velocity-to-be-galned In each case 

After Agenags engine shuts  down for the f inal  time, the 
spacecraf t  release assembly bol t  squib is  fired t o  release the 
V-band clamp. Four spring-loaded separation mechanisms push 
the spacecraft  away from the Agena a t  s l ight ly  less than one m i l e  
per hour and the Lunar Orb i t e r  spacecraft w i l l  be on i ts  t rans-  
lunar t ra jec tory  . 

Three seconds after spacecraft separation, Agena begins a 
yaw maneuver which w i l l  turn It around 180° In space. !hen 10 
minutes after separation, a signal f r o m  the primary tlmer fires 
Agena's retrograde rocket fo r  about 16 seconds. 'phis 137-pound 
th rus t  retrograde rocket slows Agena 30 mph t o  minimize the 
poss ib i l i t y  that the vehicle could in te r fe re  with Orbiter or N t  
the Moon. 
eccentr ic  Earth orb i t .  

With i ts  launch job done, Agena w i l l  go into a high 
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F i r s t  Spacecraft Events 

Thi r ty  seconds after the Lunar Orbi te r  l e a v e s  Agena, 
a sequence 02 ~ S ~ U G G G A ~ ~  ------..net --nf.n -.-.--- 1s commanded by the program- 
mer, starting w i t h  solar panel deployment. Next the two an- 
tennas are released and locked i n  their  cruise p o s i t i o n s .  

The spacecraft i s  t h e n  commanded t o  begin Sun acqu i s i -  
t i o n ,  and the a t t i t u d e  c o n t r o l  system provides  the  necessary 
torque  t o  p o s i t i o n  Lunar O r b i t e r  co r rec t ly .  Sun a c q u i s i t i o n  
should be complete about one hour and 15 minutes after l i f t -  
off * 

Some six and one-half hours i n t o  the f l ight,  and af ter  
Lunar Orb i t e r  has passed beyond the Van Allen r a d i a t i o n  belt, 
the Canopus sensor  w i l l  be turned on, and the  spacec ra f t  w i l l  
be commanded t o  begin Canopus acqu i s i t i on .  The Canopus tracker 
w i l l  view a c i r c u l a r  band of the  heavens while the spacec ra f t  i s  
making a complete roll, and t h e  r e s u l t i n g  "star map" tele- 
metered t o  Earth w i l l  confirm the l o c a t i o n  of Canopus. The 
spacecraft w i l l  t hen  be commanded t o  r o l l  t o  the  c o r r e c t  Canopus 
l o c a t i o n  and lock on t o  the s t e l l a r  reference po in t  it w i l l  use  
throughout i ts  Journey. 

F i r s t  midcourse maneuver is scheduled about 15 hours 
af ter  l i f t - o f f ,  a l though the p rec i se  t i m e  for execut ing it w i l l  
be based on a c t u a l  f l i g h t  events,  including launch accuracy 
and t r a c k i n g  r e s u l t s  . 

A correct sequence of events  der ived from ground computers 
will be s to red  i n  the spacecraf t  programmer and a t  the selec- 
ted t i m e ,  Orb i te r ' s  a t t i t u d e  cont ro l  system w i l l  p o s i t i o n  the  
spacecraft p r e c i s e l y  f o r  t he  v e l o c i t y  c o n t r o l  engine t o  apply 
the needed thrust .  After th rus t ing ,  the a t t i t u d e  c o n t r o l  system 
r e t u r n s  the spacecraf t  t o  i ts  i n i t i a l  o r i e n t a t i o n ,  reacqui r ing  
the Sun and Canopus as  references. 

Should a second midcourse co r rec t ion  prove necessary,  it 
w i l l  be made about 70 hours after launch. 

-more- 
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Lunar O r b i t  Inject ion 

During translunar flights, t ra jectory information provided 
by the Deep Space N e t  t racking s ta t ions  w i l l  be used In the 
Space Fl ight  Operations Fac i l i t y  t o  compute the veloci ty  change 
reqcired t o  achieve an I n i t i a l  lunar orb i t .  On a nominal 

f l i g h t  . mission, lunar o r b i t  InJection will OBGW- ---I aAVGA -0.C-w 03 hnilps .____ of 

As the Lunar Orbiter more deeply penetrates the lunar 
gravi ta t ional  f ield,  a calculated a t t i t u d e  maneuver w i l l  point 
the rocket engine against the direct ion of flight. The correct  
burn time, as computed on the ground, w i l l  be placed i n  the 
programmer . 

Then, a t  a precise instant ,  the rocket engine w i l l  Igni te  
f o r  a burn time about 10 minutes.if the spacecraft  I s  on I t s  
planned t ra jectory.  Small variat ions f r o m  the intended tra- 
jectory a r e  probable, and the engine burn time w i l l  be adjusted 
as necessarg. 

The slowed spacecraft ,  approachlng a minimaurn altitude of 
120 miles above the surface of the Moon, w i l l  no longer have 
su f f i c i en t  veloci ty  t o  continue outward against  the pull of 
lunar gravity,  and w i l l  be captured as a satellite of the Moon. 
H i g h  point  of the o r b i t  (apolune) is  intended t o  be 1150 miles. 
Lunar Orbiter w i l l  c i r c l e  the Moon every threeburs and 37 
minutes i n  i ts  i n i t i a l  o rb i t s .  

Tirne i n  the high o r b i t  w i l l  be between three and seven 
days . 

Photographic O r b i t  In ject ion 

On November 17, the spacecraft  w i l l  be commanded t o  make 
i t s  f ina l  planned veloci ty  change. 

The maneuver w i l l  be similar t o  those previously performed. 
Instruct ions t o  the a t t i t u d e  control system w i l l  assure that the 
veloci ty  engine is correct ly  aligned, and a brief engine burn 
w i l l  counteract j u s t  enough of Orbiter's veloci ty  t o  lower the 
per i lune t o  the intended final altitude of 28 miles. The 
apolune w i l l  remain unchanged. 

I n  i ts  final photographic orb i t ,  the spacecraft  w i l l  c i r c l e  
the Moon every three hours and 28 minutes. 
t o  the Moon w i l l  be about 4500 m i l e s  per hour a t  closest  
approach, o r  perilune. 

Its speed re l a t ive  
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When the maneuver is  complete, the spacecraft w i l l  return 
t o  Its cruise attitude oriented to the Sun and Canopus. When 
the Moon comes between It  and either of I t s  c e l e s t i a l  
reference points, the Inertial  reference unit w i l l  f’urnlsh the 
required orientation. 

Then War Orbiter will be ready for i t a  main task -- 
ue ~ - ~ - 4 1 a ~  UQl&c.U nhnfnuraDhv Jy..- i--- -*- - of 13 primary locations near the equator 
o f  the Moon. 
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Industr ia l  Team 

The Lunar Orbiter prime contractor is The Boeing Co,, 
Seattle, Wash., which designed, bual t  and tes ted the 
spacecraft, MaJor subcontractors to  Boeing a re  the Eastman 

Radio Corporation of America, Camden, No J., f o r  %he 
power and communications systems, 

Kodaic Coo, ---Le.. nuurrc=uter, Ne P.: for  the camera system and 

Prime contractor f o r  the Atlas booster stage is  
General Dynamics/Convalr, San Diego, Calif,, and prime 
contractor  f o r  the Agena second stage is  Lockheed Missiles 
and Space Co,, Sunnyvale, Calif, 

The following is a l i s t  of other  subcontractors f o r  the 
Lunar Orbiter spacecraft: 

Product 

Quad meck Valve 
- Contractor 

Accessory Products Company 

B a l l  Brothers Research Corporation Sun Sensor 

B e l l  Aerosystems 

Bend- Corporation 

Calmec Manufacturing Coo 

J. C, Carter Company 

Electronic Memories, Inc. 

Fairchild Controls 

Plrewel Company 

General Precision, Inc,, 
Kearfot t  Dlvis ion 

Gerstenslager Company 

ITT Federal Laboratories 

Marquardt Corporation 

National Water L i f t  Co. 

Puel Tanks 

Crystal Osci l la tor  

Relief Valve 

Propellant F i l l  & 
Vent Valve 

Programmer Memory 

Pressure Transducer 

F i l l  & T e s t  Valves 

TVC Actuator 

S ta r  Tracker 

Engine 

HI Pressure Regulator 
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Cbrltractor 

OrUnance Engineering Associates 

Radia tlon, Incorporated 

Resistoflex Corporation 

Sperry Gyroscope Company 

Standard Manufacturing Company 

S te re r  m i n e e r i n g  and Manu8acturing 
Company 

Texas Instruments, Inc. 

Vacco Valve Company 

Vinson Manufac turing Co. 

Product 

Pin Release Mech. 
Ne Squib Valve 
Shut O f f  Valve 
Propellant Squib Valve 
Cartridges 

Multiplexer Encoder 
T e s t  Set 

Propellant Hoses 

Iner t ia l  Reference Unit  

Servicing Unit - C a r t  
Purge, Dry & Flush Unit 

Thrusters 
Low Pressure Regulator 

Radiation Dosage 
Measurement System 

N2 Fi l t e r  
Propellant F i l t e r  

Linear Actuator 
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